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Apoptosis pathways involve divenjft ffmn^e . , ^ 

jr are ratpressea at high levds in many tumors and. 
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by ixiliibiti(» of caspases, contribute to Ihe resistance of cance« 

uxduCon E^onples Of MPs include NAIP, XIAP (hn^xT^i^^..^^ 

lAF/KJAP protem, Tvhich is beremaft^ refeired to as Uvin. TTie ectopic exoression 

TJ^^""' ^ Of p^-^optotic s^^ ZZ^^Z 

mediated, at least m part, by inhibiting c^ase-S and -9. The Uvin gene exhibi^a^ct^ 
^«c«pa«e«^sinceitj^,e^ 

for other lAPs, may contribute to tumorigenesis by causing apoptosis resiZT 
Consequently, inhibition of Uvin estmesci^ ^ apqpiosis resistance. 

-4 jr, uimoiaau oi uvm expression may resent an interesting tfaBra««it.v 

0«erany. lie iiJribition of jttoWn expre^ion can be emM by «^ 

^^^pa^^H««^WO.A0C^™: d.^es.v3.eJ:r:rL^ 
«ae r(^le.e acd or „a fl« proteta level, which « able to iMe*« ^ „ 

of Bvin. For e^mple, a.erapeattc an«bo«.s agains. fte^ 
I»oto be ,»ed to ...agomz. ««i.8eno« Hvin and. 4US. fe^ 

r ^ be ™ed as tools ftr »«*d.tog a„ «pression of fl,e Hvin gene For 

caacarwteiBonlyamodeiattapqptotioniqKniseisdesiMd. 

A p«»ang tool to do«n..eguUte and interfere with the expression of pmtrtn. has beat 
d«doped acco^g to the observation a,. doubI«,„^ kna mol«a,es (d^RNA) 
T«h homology to a defined se,u«,ce wiftin a gene acts as a -WgH" fcr 
-agonal gene sOeneing (PTOS). The nni.^ .apect of this pro^^«C 
CSZr^JT Peeitlcity. leading toTe ^L^^^ 

^ «RNA RNA. has b.e„ originally di^vered as a mechanic of PTGS in plant, 

^ «a be adneved by Itansfecling 19-21 mdeotide (nt) smaU interfering siRNAs 
Zr°* rr^ .» »KNA sa<p»nee of a given target gene (HbaL et Z 
2001, Na«n^ VOL 411. pages 49«9g), indicating fl« RNAi ntay serve as a powe^ 
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tedmology to specifically block the ejq^ession of taiget genes. As sw*, the use of siRNAs 
to inhflrit the espreadon of defined target genes has obvious thei^peutie potentiaL 

The wKcant has fbund Oat siRNAs bdng homologous to a distinct region on the livin 
5 . cDNAxesulted in an inhibition of Kvin gene e3q.ression which was as«^^ 

Stioogly increased ^poptotic lesponse. The observed effect was enhanced in the presence 
of pro-qwptolic agents, indieatii^ fbat the interference with livin leads to a sensitization 
for pro-^tDtic stimuli hi addition, fiie inventors dxcumventBd the transient nature of 
ttansfccted siRNAs and the lequiiemenis for flieir chemical synthesis by exploiting vector 
10 systems wfaidi are allow tiie expression of SiRNAs. 

Thus, a first aspect of the present invention re&rs to tiie use of a mleic add, preferably a 
RNA, containing the sequence of SEQ ID NO: 1. a fragment or derivative tfaeceo^ tq 
pr^e siRNA which sensitizes therapy-resistant tumor cells for ^optosis. 

A second aspect of the present inv«tion refers to the use of a nucleic acid, preferably a 
RNA containing tiie sequence of SEQ ID NO: 2, a fiagment or derivative thereof to 
prq»ar© siRNA which sensitizes ther^y-resistant tumor cells for apoptosis. 

The sequence of SEQ ID NO: 1 . which is preferably a RNA corresponds to nucleotides 
61 1-629 of the oodiQg sequence of the fivin gene as disclosed by gene bank accession no 
AF311388. The sequence of SEQ ID NO: 2 corresponds to nucleotides 648-666 according 
to the same gene bank accession number. 

In tiie context of the present invention, tiie terms "fiagment and derivative refer to nucleic 
adds tiiat may differ fi»m the original nucleic add in tiiat they are extended or shortened 
on dtiier the 5* or the 3' end, on both ends or internally, or extended on one end, and 
shortened on tiie other end, provided that the fimction of the resulting siRNA, namely tiie 
down-regulation of tiie target protein, is not abolished or inhibited. The terms ^'fiagment 
and derivative- also refer to nuddc adds that may differ from tiie original nucldc add in 
that one or more nucleotides of the original sequence are substituted by otiier nucleotides 
and/or (chemically) modified by methods available to the sWUed artisan, provided that the 
fimctioo of Ifaeresuhiaig siRNAis not aboUshed or inhibited. 

The person of ddU in the art knows how to pi^^are siRNA when the above disclosed 
nud«c adds, particulady RNAs, are provided. Briefly, the strands complementary to the 
mideic acids of the present invention are synthesized by any avaflable m«hod and the 
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complemeritoy strands arc annealed to the nucleic acid «f 

Wiopriate conditions. The annealing condition T ^ 
-.bead^accon^,,^,:^-^^^ 

5 ^ to eKfirt the desired fenction,ie the in A,^- ^ 

or amilar d=m«M» &r L^TZ- rT^™ to can .bo comprise introns 

e«te,fl»sdech<«ii«,«oessfladdiv«y«»i/or1heiMegraa„„i,«„ 
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&e host- s geaome, like r^ions tbat promote homologous iBcombination at a desired site in 
the genome. For thei^eutic pwposes, the use of retioviral vectors has been proven t» be 
most appropriate to deHver a desired rmolei c add into a target celL 

Ih a preferred embodiment of Ae pres^ invention, a «Kdeic acid, preferably a DNA, 
whidi is suitable for flie preparation of siRNA fbBt induces ptosis is inficoduced info a 
vector wbich aUo^ for flie production of a doubl^^traaded (ds) RNA molecule SucOi 
vectors are known to the person skiUed in flie art To drive the «q«ession of siRNAs these 
vectors usually contain RNA polymerase m promoters, sodx as the HI or U6 promoter 
smce RNA polymerase m expresses relatively large amounts of small RNAs iii 
mammahan ceUs and terminates transcription np^ incorporating a string of 3^ uridines 
"^e m promoters Ke completely upstream of the sequence being transcribed whidi 
ehminates any need to include promoter sequence in the siRNA. If fbs DNA encoding the 
desired siRNA should be transcribed fiom one promoter, Ae preferred DNA should flms 
contain ±e desired codmg region of the Kvm gene to be targeted as well as its 

complanentary strand, wherein the coding and its complementary strand ax« separ^ 
nucleotide linker, allowing fyr the resulting transcript to fold bade on itself to form a so- 
called stem-loop struchTO. 



20 An etample for such an expression vector whidi aUows for the production of dsRNA 

directly in the target cell is the so-canedpSUPER(Supression of Endogenous RNA) The 
vector itself and the mechanism how the dsRNA is produced by usiiig said vector is 
desOT-bed m Brummelkamp et al., 2002, Science. Vol. 296. pages 550-553. Another 
example of such a vector named ^Silencer (Ambion) was developed by Sui et al 2002 
25 Pioc Natl. Acad. S«. Vol. 99, pages 5515-5520. 

Therefore, another object of the present invention is the use of a nucleic acid, preferably a 
DNA. contaming the sequence of SEQ ID NO:3, a fragment or derivative thereof to 
prepare SiRNA whidi induces ^tosismtherapy-resistant cells. SEQIDNO:3 comprises 
30 the DNA corresponding to the RNA depicted in SEQ ID NO:l, a linker, and flie 
complemeOitaiy Strand to said DNA. 

Fmiheimore, an object of fte present invention is the use of a nuddc acid, preferably a 
DNA, containing the sequence of SEQ ID NO:4. a fragment or derivative thereof to 
35 prepare siRNA which induces ^optosis in ther^xesistant cells. SEQ ID NO:4 conmrises 
the DNA corresponding to the RNA depicted in SEQ ID NO:2. a Imker. and tiie 
complementary strand to said DNA 
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Hie linker is preferably 5 to 15 nucleotides in length, more preferably the linker is 7 to 12 
nucleotides long and most preferably it is 9 nucleotides long. The linker can consist of any 
suitable nucleotide sequence. For the present invention, a linker comprising &e nucleotides 
5 20 to 28 of SEQ ID NOs: 3 and 4 represents a suitable linker. 

It also contemplated in the present invention that the eajpiession of the two complementary 
strands giving rise to a dsRNA is driven from two promoters, either flie same or different 
in this case, Ibe ntideotide linker separating tixe two complementary strands would be 

10 omissible. It is furtha- obvious to the one sIdUed in the azt &8t in Axis case the DNAs 
coding fiir the two conplementazy siSNA strands can be present on one vector or on two 
vectors. An exampie fyr a vector by whidi siRNA is expressed from two promoters is 
described in Lee et al., 2002, Nature Biotechnology, Vol. 19, p^ 500-505. For &ese 
pinposes, nucledo adds containing the nucleotides 1-19 tog^her with 29-47 of dther SBQ 

IS ID NO:3 or 4 are inserted into the allocated sites of the vector(s). In the context of ftie 
present invention, the nucleic acids contahung the nucleotides 1-19 or 29-47 of eitiher SEQ 
ID NO:3 or 4 are regarded as ftagments or derivatives, according to the above definition, 
of dther SEQ IDKO:3 or 4. 

20 The vector containing the DNAs of the present invention can be introduced into the target 
cell by any of the meOiod described above. Howevw, due to several limitations 
accompanied with the ef&dent d^vecy and/or toxic effects, the d^veiy of the nucleic 
adds of the present invention can be &dHtated by die use of so-called trar^ocating 
peptides. The use of sudi peptide are patticulaily pteBeaei for dietq>eutic purposes. The 

25 peptides are usually linked to dxe nudeic add to be delivesed in a non-covalent manner. 

In g^etei, peptides are conteanplated which mimic and act as efiSdendy as viruses &a 
gene delivery without their limitations of inducing immune responses or being cytotoxic, 
tramples of pq>tides forming p^tide-DNA conqjlexes for an efficient deliveiy into a cdl 

30 comprise DNA-condensing mati& such as polyamines and modifications thereof active- 
targeting motife such as ROD, endosomolytic peptides such as INF, JTSl or GAI-A, and 
nudear locaUzation sequences (NLS), e.g. derived from the large tumor antigen of Simian 
40 virus. An extensive list of translocating peptides and their proposes delivery 
mechanisms, all of which are contemplated within the scope of the present inv«ition and 

35 hicoiporated herdn by ref^ence are described in Monds et al., 2000, Ciar. Opin. Biotedi., 
Vol. 8. pages 21 to 27. 



15. APR. 2003 13:29 ISENBRUCK HEIDELBERG* 



NR. 558 S. 15 



-7- 



A fmfher ol>ject of 4e pieseat tm^on xete to a mediod for doviFa-teguIating Uvin in 
Aeapy-resistant tamor cells in order to increase . caspase-S-like activities and. Huis 
sensitize Aer^y-resistant tumor-cells for ^optosis. The mefbod coaqnises contacting a 
ther^y-iesistarttnmorcdl with a siRNA containing Resequence of SBQ ID NC^^^ 2,3 



and/or 4. 
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As indicated supra, the siRNAs of the present invention sensitize tumor cells for ^Kiptosis 
and, as a consequence, render such cells more snscqytible to various treatment me&ods 
eo^Ioyed in tumor therapy. 

Accordingly, the siRNAs as disclosed in the present inv^tion can be used as a 
pharmaceotieal, optionally in combhiation wiA radiation therapy and/or at least one active 
compound, for the treatment of therapy-resistant canceis, This is a further embodiment of 
Hin present invention. 



First, the phrase "radiation fhet^y^ refers to tibe use of electromagnetic or particulate 
radiation in the treatment of neoplasia. Radiation thoapy is based on the ptinc^le that 
high-dose radiation delivered to a target area \wu'result in the deadi of reproductive ceUs in 
both tumor and nonnal tissues. The radiation dosage regimen is generaUy defined in terms 
20 of radiation absorbed dose (rad), time and fiactionation. and must be carefoUy defined by 
file oncologist. The amount of radiation a patient receives will depend on various 
conaderation but the two most important considerations are the location of flie tumor rn 
i^on to other critical structures or organs of the body, and the exteat to which the tumor 
has spread. Examples of radiotherapeutic agents are provided in, but not limited to, 
radiation thet^ and is known in the art (HeUman, Principles of Radiation Therapy^ 
Cancer, m Principles and Practice of Oncology, 24875 (Devita et al., 4*^ ed., vl, 1993). 
Recent advances in radiation ther^y mchxde three^ensional oonfoniial extern^ beam 
radiaJion, mtensity modulated radiation tiiecapy (IMRT), stereotactic radiosurgery and 
Iwachytherapy (Interstitial radiation ther^), tiie latter placing the source of radiation 
direcfly into ih© tomor as impUated "seeds". These newer treatment modalities d^ver 
greater doses of radiation to the tumor, which accounts for their increased efifectiveness 
when conqmred to standard external beam radiation ther^. 

Ioni2dng radiation wifli beta-emittirvg radionucUdes is considered the most usefiil for 
35 radiotherapeutic applications because of the moderate linear energy transfer (LFI) of die 
ionizing particle (electron) and its intermediate range (typically several millimeters m 
tissue). Gamma rays deliver dosage at lower levels over mudi greater distances. Alpha 
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particles represeut the other extreme; they deUver very hi^ LET dosage, hvt have an 
esrtremely limited range and must, therefore, be in intimate contact with flxe cells of the 
tissue to be tceated. In addition, alpha emitters are generally heavy metals, which limits the 
possible chemistiy and presents undue hazards ftom leakage of radionuclide from tiie area 
to be Heated. D^ending on flie tumor to be treated all kinds of emitters are conceivable 
wiOiin iSae scope of the present inv^tion. 

Ptaiheimore, the present invention encompasses types of non-ionizing radiation like e.g. 
ultraviolet (UV) radiation, high energy visible mioowave radiation (hyperthennia 
Iher^y), infiared (IR) radiation and lasers. Jjx a particular embodiment of the present 
invention UV radiation is i^lied. 



GeneraUy, radiation ther^y can be combined UwpotsSfy wifli other active compounds 
listed below to improve the outcome of treatment "ITiae are various terms to describe the 

15 temporal relationship of administering radiation ther^y together with other active 
conqwunds, and the following examples are the prefeicd treatment regimens and are 
generally known by those skUled in the art and are provided for illustration only and are 
not intended to limit the use of other combinations. Administration of radiation therapy 
with other active compounds can be "sequential", i.e. separately in time in order to aUow 

20 tiie separate administiation, "concomitanl?» wWoh refers to the administration on the same 
day, and, finaUy, "ahemating" which refers to tiie administxation of radiation fhaapy on 
tile days in which other active compounds would not have been administered. 

The tenn "active compound" refers to a conq>otmd other than tiie nucleic acid which is able 
25 to induce ^optosis or which inhibits cell proliferation. Active compounds which are able 
to induce apoptosis are known to the pesson skilled in the art. 

One class of active compounds are chemical compounds having a cytostatic or anti- 
neoplastic effect ("cytostatic compound"). Cytostatic compounds included in the ptesent 

30 invention comprise, but are not restricted to (i) antimetabolites, such as cytarabine, 
fludarabine, 5-fluoro-2'-deoxyuiridine, gemcitabine, hydroxyurea or mefliotrexate; (ii) 
DNA-fiagmenting agents, such as bleomycin, 0") DNA-crosslinking agents, such as 
chlorambudl. cisplatin, cyclophosphamide or nitrogen mustard; (iv) intercalating agents 
such as adriamydn (doxorubicin) or ntitoxantrone; (v) protein synthesis inhibitora, such as 

35 X.<asparagmase, cyoloheximide, puramydn or diphteoa toxin; (vi) topoisomerase I poisons, 
such as can^tiiecin or topotecan; (vu) topoisomerase H poisons, such as etoposide (VP- 
16) or t^poside; (viii) miootubule-direcfced agents, sndi as oolcemid, colchidne^ 
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paditaxel, vinblastine or vincristine- ft,\ w . 

^^^^^^^^^^ -magomsiB, siuai as bonoHfai, fin«stende or LHRH 

fi<MB tJie BooD oonsisXn. ^ uun me qnosBbe oonqKnud IS selected 

tumor necrosis factor a (TMF «^ tt^,^, - ^ r©cq)torIigan<is such as 

CDR3, Apo-3) Maand. DR6 U«r„i » i ^ ' APO-1) fagand, mAMP 

"«body. «ai-TOAII,W ^^^^ pT^- "^-^^R^ (DR5) 

(os.eo.«^,,^.J^^^^^^y. »«.-n^K5 

(DR3,an««Hjy„«^„fi3«n««s»,de^ofZof.^ 

i-ctade Sn^llS.™ Z^TT" ^ 
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ThB nucleic add of the present invaitioii can be administered alone or in combination wife 
radiation and/or one or more active conq,ounds. The latter can be administered befiwe, 
after or simultaneously Mwth fee administration of fee nucleic add. The dose of dfecr fee 
nucldc add or fee active compound as weU as fee duration and fee temperature of 
5 incubatian can be variable and depends on fee taiget that is to be treated. 

A furfeer object of fee present invention are pharmaceutical preparations wbi<^ comprise 
an effective dose of at least one nucleic add and/or at least one active con^Ksuod and a 
pharmaceutically acceptable carrier i.e. one or more phaimAceutically acceptable carri^ 
10 substance and/or additives. 



The phamiaceutical accoiding to fee invention can be administered orally, for example in 
the form of pills, tablets, lacquered tablets, sugar-coated tablets, granules, hard and soft 
gsiatin cqisules, aqueous, alcoboHc or oily sohitions, symps, emulsions or suspensions, or 
15 rectaUy, for example in fee fomi of siq>positories. Administration can also be carried out 
parenteraUy, for exan^le sifecntaneoudy, intramusculazly or intravenously in fee foim of 
solutions for injection or infosion. Ofeer suitable adnunistration forms axe^ for exan«>le. 
percutaneous or topical administraiion, for exaxaple in the form of ointments, tinctures, 
sprays or transdermal feetapeutic syst^as, or fee inhalative administration in the form of 
nasal sprays or aerosol mixtures, or, for example^ microcapsules. inq>lants or rods. The 
preferred administration fonn depends, for example, on the disease to be treated and on its 
severity. 
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30 



Tb» prepan&m of fee pbarauceutical compositions can be carried out in a manner known 
per sew To iMs en4 fee nucldc add and/or fee active compound, togefeer wife one or more 
soUd or liquid pharmaceutical carrier substances and/or additives (or auxiliary substances) 
and. if desired, in combination wife ofeer pbamiaceutically active compounds having 
feer^eutic or prophjdactic action, are bron^ into a suitable administratian form or 
dosage form which can tiiea be used as a pharmaceutical in human or veterinary medidne. 

For fee production of piUs, tablets, sugar-coated tablets and hard gelatin c^sules it is 
possible to use, for example, lactose, stardi, for example maize stardi, or starch 
derivatives, talc, stearic add or its salts, etc. Carriers for soft gelatin capsules and 
suppositories are, for example, fets, waxes, semisolid and Kquid polyols, natural or 
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phama«atical preparation, cm ate, conWn «Idiliv»s. fi>r «„ 
P-«™«ve^ sweetener «,lor».s. flav.™^ 'ron.^it^^Z^^TT 
oanoliopM,a«,co.ti^,geMsorMa<»ddante. ^ fer a»e™»«» 

The dosage of aw nucleic add, in combiBattcm vifl, mo or 

«J«-nis.cred. depend, on individual caselrtrfa^Tiritr^^ 

J - »"un«u 10 oe ireated, on the efficacy and duxBtion otaeUnn 

offliewmqwundsiised. on wheflierlhe therapy fa uxroon ofaction 

endometrium ca„^„^ cr^^^^^Z^^T^ 

testis caroiacmia. breast carcinoma, miJ^J^^ T^^^ car«moma. 

wna, Tirmary cananoma, melanoma, brain tumors such as 



20 



25 



30 



35 



15. APR. 2003 13:29 



ISENBRUCK HEIDELBERG « 



NR. 558 S. 20 



12 



IS 



20 



25 



30 



35 



ghoblastoma, astrocytoma, meningioma, meduUoblastoma andperipheial a i 

tumors, Hodgkin lymphoma, non-Hod^ lymphoma, BurKtt neuioectod«mal 
leukemia (ALL), chrome lymphatic 1^ S^)^'^?^ ac»te lympha«c 
chronic myeloid leukemia (CML), adult T-^^^^, TTt '"^^ ^"^^^ 
carcinoma, gall bladder -ci.oma,L.cMal cll^TaH^^^^ 
smaU ceU lung carcinoma, multiple myeloma, b^oZ^^^^T 
cho^mdanoma, seminoma, 'i^dornyos^:^":^^'::^^^ 

pir^oT^ -'''^ ^osarcomT^rr^ 



10 



Examples of cancer types where flie use of fte qytokme antagonists according to t>, 
present invention, respectively the medicaments containing ^H^T^- i ^ 
adva^ageousindudeccrvicalcarcinomaandmelanoma. ' Pamculady 



DESCRIPTION OF raE DRAWING 



»fenw I. siRNA^mediated inhibition of Livin emression ra^ Pr^r^^A 

k»<ih..1»<«^ • A- 7°™°°" <« <«Wnjlm piotaa ejEi>jBS5ion to monitor «gual 
Wl and pSUPER-Ilvi^. Co«.ol vector pSWER-Lco .xpr«s^ siRNA 



HeL* ttd Wnegaave H1299 oeUs w«e «„sfeoted via. cither pSOTBR-IiTr^ 
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Rgn«3. pSUPER-Lac-2 leads to promoted cl^vage of p t 

Pol3^e (FARP). Western blots detecting C^e a^^' 

Blgore 4. siRNA^mediated ta,geli^g of Kvia strongly sensitizes HeU cells w 

apoptotic stimuK. HeLa odls w«« transfected^A ^ 

pSUPBR.rivin-2, Cells we. ^T^^o^rLT'd^^^^ 

ixxadiation.orI^^(.)TotalDNAwasstainI^^ 

we« Visualized by TUNEL. (b) Percentage o^^poXt^ """^ 

5. siRNA-mediated targeting of livin selectively blocks the grov^ of Livin 
P^cancercenstluoughinductionofapopto^^ 

i)SV»J« PSUraR-Livm.2 or eourol vector pSUPER-Luc, togeflto ■»iai 

<ta flu, redaofion of cdl ranU^B in Ito p««neo of tIT^ 
Sis ^, . - "te to «„fl«.cy. T«.I cdhto DMA 



■nie invention is arflw UhBttaW by flie feHowingexaoplM: 

30 bxamfiss 



1= l**.-! «rf Urt»-2 dRNA. r«ta.. Bvto toaisc^ touw^ 
•ndogenonslMiiproMnaqffeMisa 

"^r^^^ Hvia-l «.d livin-2. w«e «lec.«a fton. the Hvin cDNA 

foflowmg fl» lecommeiidaioBs fiff Oe deaiBn of rfc • . 

m nmm.di . .i _^ effloent aRNA sequences 

runHaaan^ et d, 2002). Boa »,na«« in a„ ^ ^ 
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TOve 19 tar^ sequ^ces, sepa^tai by a 9 spacer fiom the reverse co«^lement 
ofttie 19 nt target sequences, yielding pSUPER-Uvin-l and pSUPER-Uvin-2 TTie 
I««dtcted secondary stHK^tures of ll^plaanridKte^ transcripts are depicted in Fig«« la. 

HaU w«e chosen for RNA interfer««e. smce they «q>ress endogeneous Uvin 
PK»t«n (Fi^ lb) and flxey n^uoducibly exhibited hi^ DNA transfection efficiencies of 

""""^ "'^^ ^^^^ co-p^pitation. After transfection, both 
pSUPER.I.vin.1 and pSUPER-Livin-l silO^As effidenlly inhibited endogeneoru^ 
pm^expxession (Figu^ le). Tlris was not observed for the transfection control 
PSUPER-Luc, ^ch speaficaUy targets the non-ceUular fir«fly Photb^ss pyraOs ludferase 

gene for silencing (impnblished data), fa contrast to Uvin, the amounts of cdlu^ 
protein were not affected by either pSUPER-Livin-l or pSUPER-Uvin-a (F^ ic) fa 
former support that livin rej^ession was caused by a specific siRNA «q««ssion of 

both hvm-1 and Hvin-l siRNAs led to a clear reduction of livin transcripts in H«La cells 
(Figt^e Id). Taken together, these results demonstrate that vector-bom siRNAs can 
specificaUy block Evan gene e^qjiession in human cancer ceUs, with hi^ efficiency. 

Example 2: sflRNA increases caspase^-like activilics 

c™^;"^"^"^ "^^"^ endogeneous Uvfa expression more strongly 

tiian pSUPER-Livin-l (Figure 1). fl« fomier was c&osen for subsequent analyses. It 1^ 
r^orted that Livin mhibits Caspase.3 activities following ectopic «q«ession fiom 
heterologous ptomoteis or in f« vitro assays, m contrast to these studies, the siRNA 
approach followed in this study should allow to analyze the effects of endogeneous Livin 
on cellular Caspase-S activities. As shown in Figure 2, pSUPER.Iivin-2 increased 
Caspase-3-like activities in HeLa cells, indicatii^ that die down-regulation of Livin 
repression is associated with a release of Caspas^3 ftom negative regulation by Livin. 
This conclusion is corroborated by the observation that the Caspas^S inhibitor DEVD-fink 
c^rrpktely inWbitcd the increase of DEVD-cleavage foUowin^ pSUPER-Uvin-2 
Wfection m HeLa cells (Figure 2). In further support for the specificity of &e Uvin- 
togetrng SiRNAs. induction of ca^e-3 activities by pSUPER-Iivin-2 was observed in 
Livm-expres^g HeLa cells, but not in H1299 cells (Figure 2) whidi do not express 
endogeaeous Lrwn proton (Figure lb). 
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EsanqifeS: siRNA increases caspase-J in Iivin-|K)si^ 

pro-apoptotic stimuM 

It ivas investigated whether livin-2 siRNA can sensitize Uvin-positive cells to pro- 
Wtotic stinudi. As shown in Figure 3. pSUPER-Uvin-2 clearly increased the 
ooneentrations of the active fotm of Caspase-S foUowing treatmeol of HeU cells with 
doxaniMdne, u.v,-iiiadialion. and TNFo. when con^ated wifii control transfected cells 
0?StJl»ER-Luc). These evcsts were associated with promoted cleavage of the caspase 
substrate PoMADPHTibose) polymerase (PARP) for all toe pro.^K>ptolic agents, as 
indicated by the in«ease inihe &ster migrating PARP cleavage piodnct, in tiie presence of 
pSUPER-Lufr-a. Under the seme experimental conditions, we did not observe a differential 
efifect of pSUPER-Livin-2 on Caspase-?. -8, and -9 expression patterns, when compared 
with control tcansfocted cells. 



Example 4: Iivin^2 sIRNA enhances apoptosis to Kvinr-posilive cdto treated wil^ 
pro-apoptotie stimuli 

la order to analyze the oelhilar consequences of siRNA-mediated silencing of the livin 
gene, TdT-mediated dUTP biotin nick end hibeling (JUNEL) analyses were perfomied, 
which allows ihe detection of aptotic cells (Fig. 4a). In tibe absence of a pro-^optotic 
stimulus, ifae nnmber of TUNBI/.positive cells increased ^yproxunatdy 2-fold following 
expression of pSUPER-Uvin-2 (Figure 4a and b), indicating that siRNA directed against 
Uvin modestly hicreases the spontaneous ^optosis rate of HeLa cells, in transient 
transfections. However, ptosis stimulated by doxonibidn. u.v.-inadialion. and TNFa 
was strongly increased by pSUPER-Livin-2 in HeLa cells (Figure 4a and b). These results 
show that SiRNA directed against Livin can strongly sensitize Livin^ositive cancer cells 
towards pro-^optotic stimuli. 

Examples: Stable expression of Livto-2 siRNA abolishes colony-fojrmation c^^^ 
of Itvin-espressing cells and induces their apoptosis 



35 



Colony formation assays were performed to analyze the effects of stable transfoction of 
pSUPER-Livin-2 on the growth of tumor cells. To this end. HeU cervical caidnoma. 
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MeWo melanoma cells, and H190o i,*.^ 

anew ^ a.. ^^^t^^:^::^ ^ """^ 

t«nsfectants.TTusefiEectwassDecifiefiv.T;«,- "^^^ compared to control 

M.WO ^^:2^^'^,T^^'r^<^ 

trans&cted with pSUPER-Iivm 2 «.>.-kw 

show that flu, sdecttan fer oAlo pSUPER Uvi- 7 ^^1^ ^ ^ "^"^ 



15 MATERIALS AM) METHODS 
Oligonucleotides and plasmids 
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Synthetic double-stranded oligonucleotides wirti • 
into vec.«pSWER(Bn™4a„,«t^r^^ ^""^ 

(SEQ ID 

^"^^^tions, treatment With pro-apoDtotic afr^fr » 

Mew, ^ H1299 ce.;: we^ ^^^^b^^T*" 
(PH »Wl«nented wift lO'/. fetal calf^ f, 

y^-^ vector (not .ho™). B, T° """^ ^'^> 

y """""""aosftoioos, cells weie harvested 48 horns Oi) 
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^ttmsfe^oa fer proteo, «spa«, a«iviQr. and TDNEL («e below). For u.v - 

^TS^Z^ ^ a a>»g.e dose of 501 per .v. i™dMo„ (s^.^^ 
2400, Stmag^e, He.ddberfe Gennany) 36 h ftUowfag tnnsfeeeon «.! h„v„tai „ i, 

^^llm*^ tnnsfected wia, either sSUPER-Livm-2 or 

pSUPBR-Iac, togete Witt pSV2Neo. and selected for aably oansfected cells by 

fixed with SamtaldAyie and stained with crystal violet 

■KA^ and protein emafyses 

For Northern blot analyses. poty-A*-RNA was isolated employing fte Dynibeads mRNA 
15 I>^«^ kit (Dynal. Oslo. Non^ray) acconJing to )the instm^ 

in^^j^er. tivin transcripts were detected using fl« co«^lete n«Ko-laboled 
cDNA as a probe. Glycerjialdehyde-S-phosphate dehydrogenase (GAPDH) served as a 
control probe to monitor equal loading between individual lanes. 

ftotein extracts were prepared essentially as described (Butz et al., 1999, Oncogene. Vol 
20 18, pag^ 2381-2386). For Western blot analyses, approxinutely 20 ^g of wai 
sepaocated by 10% SDS-PAGE, transferred to a Immobilon-P membrane (Millipore 
Bedfiwd. USA) and analyzed by enhanced chemiluminisceace (Ameisham, Brauns<*tweia 
G«many) using nwnodonal anli-Livin antibody IMG347 (Biocarta Europe, Hamburg, 
G^y); monoclonal anti-TW^ilin antibody Ab-l (Oncogene. Boston. USA) , polyclonal 
25 rabbit a,«i.Caspase-3 antibody Pab CMl (BD Biosciences, Heidelberg, Gennany), 
polyclonal anti-Caspase.7 antibody (BD Biosciences), monoclonal anti-Caspase^ 
antibody (BD Biosciences), polyclonal rabbit anJi-Caspas^9 antibody (BD Biosciences) 
^ mouse monoclonal anti.Poly(ADP^osB) polym«ase antibody C2-10 (BD 
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Bii^ciences). 

Caspase and TUNEL assays 
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To detect ca^ase.3 protease activities, the ApoAlert Caspase-3 Colorimetiic Assay Kit 
Palo Alto. USA) was utilized. Cytosolic lysates were prepared 48 h following 
tcansfeclion and incubated with 50 pM p-nitroaniKde a»NA) conjugated to the caspase 
deavage site Asp-Ghi-Val-Asp (DEVD) for 1 h at 37" C. Hydrolyzed pNA was detected 
usmg a Mnltiscan MS colorimeter (TheanoLabsystems. Vantaa. Finland) at 405 nm. For 
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confiol experiments, 10 pM of the Caspase-3 inhibitor DEVD fi«k ♦ 
includedinIothe«action,beforeadditionofthesub~ ^'^'^''^ 
For apoptosis detection, cells were grown on coverslips and TdT-mediated dDTP i,- 

5 ^ta^*eMolecularB,ochemicals),asprevioiislydescnl,ed(But2etd ZOmp^^ 
Acad. Sd.. Vol. 97. pages 6693-6697). Total DNA was st^^^'4'^^1 

DNAwecevisuahzedbytnnsnussiitoqnfliioxescenceTO^^ «o and total 
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Dt. Krebsfinscihuiigszaxtr. April 15 2003 

DK62169BP IB/AIi/^/hea 

Claims 

«* I 

1. The use of a nucleic acid containing the sequence of SEQ ID NO:l, a figment or 
derivative thereof or SEQ ID NO:2, a fiagment or derivative thereof to prepaie 
siRN A which sensitizes therapy-resistant tumor cells for ^ptosis. 

2. The use according to claim 1, wherein said nucleic add has a lengdi of 15 to 25 
nucleotides, preferably 18 to 22 nucleotides and most preferably 19 nucleotides. 

3. The use acoor^ng to daims 1 or 2, wherdn the siRNA is deliv^ed into a therapy- 
resistant tumor cell. 

4. The use according to claim 3, whereiu Ibe delivery is done by usmg liposomes or 
hydiodynamic injection. 

5. The use of a nucleic add containing the sequrace of SEQ ID a fragment or 
20 derivative fhexeoC or SEQ ID NO:4, a fiagment or d^ivative thereof to prepare 

siRNA which sensitizes therapy-resistant tumor cells for ^optosis. 

6. The use according to claim 5, wherein ihe nucleic acid is inserted into an esqpression 
vector. 



15 



25 



30 



7. The use according to claim 6p wherein the expression vector allows for the 
production of dsRNA 

8. The use according to claim 6 or 7, wherein the expression vector is pSUPBR. 

9. An expression vectcxr containing the sequence of SEQ ID NO$;3, a fragment or 
derivative Ihereoi^ or SEQ ID NO:4, a fiagment or derivative diereof. 



35 



10* A method for down-regulating livin in a therapy-resistant tumor cell comprising 
contacting the ceU wi& a siRKA containing the sequence of SEQ ID NOs: 1, 2, 3, 
and/or 4, 
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11. The use of a siRNA oontainjitg the seqamce of SEQ ID NO;l, 2, 3, or 4, as a 
phaimaceutical for the treatanoit of therapy-resistant tumora. 

12. The use acccffdii^ to dam n, wherein fee siRNA is ijsed in 
s radiation fhen^y. 

13. The use according to daim 11, wherein the siRNA is used in oombinaiion wiA an 
active compound which is selected ftom the group consisting of tgrtostatic 
compounds, deafe receptor ligands, antibodies to dealh receptors and negative 

10 xegulators of anti-apoptotic protdns. 

14. The use of a siRNA contaimflg the sequeice of SEQ ID NO:l, 2, 3, or 4, for the 
niauufecture of a medicament fiw flie treatment of ihffl^y-xeslstant tumors. 

IS 15. TteuseaccoidingtoanyofdaimslltoHwheteintliethetapy^esistant^ 

selected fiom ihe gioi^ consisting of neuroblastoma, intestine carcmoma preferably 
rectum cardnoma, colon caidnoma, femiliary adenomatous polyposis carcinoma and 
hereditary non-polyposis colorectal cancer, esophageal cardnoma, labial caxdnoma. 
larynx carcinoma, hypopharynx cardnoma, tong cardnoma, sativazy ^and 

20 cardnoma, gastric cardnoma, adenocarcinoma, medullaiy thyroid cardnoma. 

papillary thyroid cardnoma, folUcular thyroid cardnoma, an^lastic thyroid 
cardnoma, renal cardnoma, kidney parenchym cardnoma, ovarian cardnoma. 
cervix cardnoma, uterine corpus cardnoma, endometrium caroinoma, chorion 
cardnoma, pancreatic carcinoma, prostate cardnoma, testis cardnoma, breast 

25 cardnoma, urinary cardnoma, mdanoma, brain tumors preferably gKoblastoma, 

astrocytoma, meningioma, meduUoblastoma and peripheral neuroectodermal tumors, 
Hod^ lymphoma, nonrHod^ lymphoma, Burkitt lymphoma, acute lymphatic 
leukemia (ALLX dironic lyiai^hatic leukemia (CLL), acute myeolid leuk^a 
(AML), dmmic myeloid leukemia (CML), aduh T-cell leukemia lymphoma, 

30 hepatoceUular cardnoma, gaU bladder cardnoma, bronchial cananoma, small cell 

lung cardnoma, non-small cell lung cardnoma, multiple myeloma, basaKoma, 
teratoma, retinoblastoma, choroidea melanoma, seminoma, riiabdomyosarcoma, 
craniopharyngeoma, osteosarcoma, chondrosarcoma, myosarcoma, Ixposarcoma, 
fibrosarcoma, Ewixjg sarcoma and plasmocytoma. 



i. The use according to any of daims 1 1 to 15, wherein the ther^y-resistant tumor i 
cervical caidnoma or mdanoma. 
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17. A medicameot fijr &e txeatmesot of djeFapy-rasbtant tumozs coinpcisiotg a siRNA 
costaining the sequence of SEQ ID NOs:l, 2, 3, or 4, a phatmaceudcally acceptable 
earner and, optionally, an active conqtound. 
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DL Krebsforsdiungszentr. April 15, 2003 

DK62169EP IB/AMS/hen 

Abstract 

Provided is tiie use of siSNAs wMdbi are specific for ibe inhilritor of a^poptosis pxotem 
(lAP) Hvin to sensitize tsmot cells for sg»oplosis by down-iegulating livin eicpression. 
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DK62169EP . ST25 . XXt 
SEQUENCE LISTING 

<L10> Deirtsches Krebsforschungszentrum 

<120> Livin-spedfic sIrnas for the treatment of therapy-resistant tumors 

<130> DK62169EP 

<16Q> 5 



<170> Patentzn version 3.1 



<^10> 1 

<211> 19 

<212> RNa 

<213> Homo sapiens 



<400> 1 

cugguucccc agcugucag 

<210> 2 

<2n> 19 

<212> RNA 

<213> Homo sapiens 

<400> 2 

ggaagagacu uuguccaca 

<210> 3 

<2ia> 47 

<212> ONA 

<213> Homo sapiens 

<220>. 

<221> gene 
■«222> C1>..C19> 

Selte 1 
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<22Q> 

<221> mlscfeature 

<222> C20) . . C28) 

'C223> linker 



<220> 

<221> gene 

<222> C29)..C47) 
<223> 



<400> 3 

fltggttcccc agctgtcagt tcaagagact gacagctggg gaaccac 47 

<210> 4 

<211> 47 

<212> DMA 

<213> Hofflo sapiens 



<220> 

<221> gene 

<222> 

<223> 



<220> 

<22l> ffliscfeature 

<222> C20)..C28) 

<223> linker 

<220> 

<221> gene 

<222> C29)..C47) 
<223> 



Seite 2 
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<400> 4 DK62169EP.ST2S.t3Ct 
ggaagagact ttgtccacat tcaagagatg tggacaaagt ctrttcc 

<210i> 5 

<211> 47 

<212> DNA 

<213> Photi'nus py rails 
<220> 

<221> gene 

<222> a)..Cl9) 
<223> 

<220> 

<221> miscfeature 

<222> C20> . . C28) 

<223> linker 

<220> 

<221> gene 

<222> <29)..C47> 
<223> 

<400> 5 

catcacgtac gcggaatact tcaagagagt attccgcgta cgtgatg 
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